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, Pioneer fire Idaho, August 2016

Fatal accident caused by a fire smoke

Interstate 40 in Arizona, October, 2016

latimes.com

Smoke from wine country fires leads to 200 canceled flights, 

hazardous air quality.
There is a high demand for high-resolution smoke 

forecasts over the US for different applications:

 Air quality forecasting

 Visibility (transportation, aviation…)

 Smoke impact on meteorology to improve 

weather forecasting

azdailysun.com



The main strengths of the HRRR-Smoke modeling system:

 First, we take advantage of the existing NWP systems by

adding a single tracer (smoke) to GSD’s HRRR model.

 It is a 3D model running on high spatial resolution (3km) to

allow simulation of mesoscale flows and smoke dispersion

over complex terrain.

 Full coupling between meteorology and smoke: feedback of

smoke on predicted radiation, cloudiness, and precipitation.

 Biomass burning emissions and inline plume rise

parameterization based on the satellite FRP data.

 A rapidly updating data assimilation cycle for meteorology;

 HRRR-Smoke uses meteorological input data prepared by the

GSI data assimilation system and boundary conditions from

Rapid Refresh (RAP).

 Currently the forecast lead time is 36 hours. Four times a day

(00, 06, 12 and 18UTC) a new forecast starts. We plan to

simulate smoke within HRRRX with hourly refresh cycle.

HRRR-Smoke model

Operational weather forecast models at NWS: 

RAP (white), 13km resolution

HRRR model domains (green), 3km resolution

(https://rapidrefresh.noaa.gov/)
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Mapping the VIIRS and MODIS FRP data to the HRRR-Smoke CONUS grid

The clustering procedure performs a

combination of all detected fires from VIIRS

and MODIS according to the model spatial

resolution and grid configuration.

Averaged satellite FRP data mapped over 3x3km 

HRRR CONUS grid pixels for August 19, 2018
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Experimental RAP-Smoke (13.5 km resolution) 

model development

 Covers the entire North America

 Taking advantage of the global satellite data 

from VIIRS and MODIS

 Feeds boundary conditions for smoke to the 

HRRR-Smoke over the CONUS domain

 Enables capturing smoke transport from 

Canada and Mexico to the CONUS domain

 Forecast lead time is 48 hours. A new forecast 

starts every 6 hours.

 The experimental smoke forecast products are 

displayed: 

https://rapidrefresh.noaa.gov/RAPsmoke/
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The real-time HRRR-Smoke web-site for public access (rapidrefresh.noaa.gov/hrrr/HRRRsmoke/)
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Experimental smoke forecast for August 19, 2018 (rapidrefresh.noaa.gov/hrrr/HRRRsmoke/)

This plot shows simulated fine particulate matter (PM2.5 or fire smoke) concentrations and wind at the first model level (~8m above ground). This is

the experimental forecast of the near-surface fire smoke for August 19, 6pm EDT over the CONUS. This forecast is based on the model simulation of

24 hours from the model initialization time, which is 6pm EDT, August 18, 2018.
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This plot shows simulated vertically integrated fire emitted fine particulate matter (PM2.5 or fire smoke) concentrations for the same forecast date/time 

as in previous slide. 

Experimental smoke forecast for August 19, 2018 (rapidrefresh.noaa.gov/hrrr/HRRRsmoke/)



Numerous wildfires in the northwestern US last summer

HRRR-Smoke
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GOES-R

https://rapidrefresh.noaa.gov/hrrr/HRRRsmoke/



AOD from HRRR-Smoke and VIIRS, September 4, 2017
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VIIRS AOD HRRR-Smoke AODVIIRS AOD

HRRR-Smoke does NOT assimilate the satellite AOD data.

Airnow.gov

Air pollution near surface



Qualitative verification of a recent HRRR-Smoke forecast using the 

S-NPP nighttime images
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Experimental surface visibility forecasts

Visibility is an important forecast product (traffic, aviation…)

Experimental NWP system w/o smoke Experimental NWP system with smoke

Reduced visibility due to smoke
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Verification of the surface visibility forecasts 

over the western US

CSI (Critical Success Index), (visibility < 10 mi), forecast length: 12h, average over the domain

HRRR-Smoke

HRRR (NCEP)



16

Thank you for your attention

NOAA-20


